C ohort studies of the efficacy of screening to prevent mortality from cancer are characterized by a comparison of the observed number of deaths among persons screened for a given form of cancer with that expected in the absence of screening. obtaining valid estimates of the efficacy of screening to prevent death from cancer by means of cohort studies requires data on the presence of symptoms and signs of the malignancy in question in cohort members, so that screening and non-screening exams can be distinguished from one another. Unfortunately, in many settings such data are not available, compromising the ability of these studies to further our understanding of the impact of screening on cancer mortality.
commentary
C ohort studies of the efficacy of screening to prevent mortality from cancer are characterized by a comparison of the observed number of deaths among persons screened for a given form of cancer with that expected in the absence of screening. obtaining valid estimates of the efficacy of screening to prevent death from cancer by means of cohort studies requires data on the presence of symptoms and signs of the malignancy in question in cohort members, so that screening and non-screening exams can be distinguished from one another. Unfortunately, in many settings such data are not available, compromising the ability of these studies to further our understanding of the impact of screening on cancer mortality.
For screening modalities that have the potential to identify treatable cancer precursor lesions, cohort studies also can compare observed and expected cancer incidence. although the lack of high-quality data on the reason for receipt of a given test (screening, or a response to the presence of symptoms or signs) is not so great a threat to the validity of these studies-the tests in question are those that would have taken place well before the time of diagnosis, at a time when symptoms and signs from the cancer are not likely to have been present-they face other issues that could compromise their value.
the purpose of this commentary is to describe the design and analytic strategies that can maximize the likelihood that cohort studies of cancer screening efficacy, both those of mortality and those of incidence, will provide valid results.
MORTALITY STUDIES
Some cohort studies of the causes of cancer compare the observed mortality in a group of individuals in whom a particular exposure has been present with that expected based on the rate in the population in which cohort members reside. However, for the evaluation of a cancer screening examination that seeks to identify occult cancer (or a precursor lesion) in persons without a history of the disease, such an approach is not useful:
1. If the screening modality in question has been relatively commonly used, to the extent that screening is effective the population mortality rate will not reflect the rate in unscreened persons. 2. no matter what the prevalence of screening, screened persons and those in the underlying population will differ in two important respects: (a) a prior diagnosis of the cancer in question is possible only in the latter group (tests done in persons with an earlier diagnosis of a given cancer to look for additional or recurrent cancer are a form of "surveillance," not screening); and (b) signs and symptoms of the cancer cannot, by definition, be present in truly screened individuals-tests in such persons would be "diagnostic" in nature, not screening-but they will be present in some proportion of members of the population being used as a basis for comparison. therefore, even in the absence of effective treatment of early stage cancer, a reduced rate of death from a given form of cancer in screened persons (relative to the rate in the population as a whole) would be expected due to the preferential exclusion from the screened group of those with symptomaticbut-undiagnosed cancer and those previously diagnosed with the cancer. Some studies of disease etiology based on comparisons of "exposed" and "non-exposed" cohort members have also obtained information on screening history. For example, during 1988-2008, participants in the nurses' Health Study and Health Professionals Follow-up Study were queried every 2 years regarding receipt of screening colorectal endoscopy. 1 among persons with no history of colorectal cancer as of the completion of the initial questionnaire, mortality from colorectal cancer was compared between those who reported ever having been screened (person-time accrued from the mid-point of the 2-year questionnaire cycle in which the first screen had been reported) and those who had not (yet) been screened. While there were fewer deaths from colorectal cancer than expected following receipt of screening, two sources of potential bias hinder the interpretation of the observed decrease in mortality:
1. to the extent that some endoscopic examinations done for signs or symptoms of colorectal cancer were incorrectly reported as screens, the decreased risk of colorectal cancer death due to screening would have been underestimated (ie, there would have been a falsely high mortality ratio associated with receipt of screening); and 2. to the extent that ascertainment of screening endoscopy was accurate, screened and unscreened cohort members would not be comparable for the presence of signs and symptoms of colorectal cancer; these could have been present only among unscreened persons. Because the presence of signs and symptoms of colorectal cancer would be expected to be associated with an increased likelihood of being diagnosed with (and therefore potentially dying from) colorectal cancer, the observed mortality ratio associated with receipt of screening would be falsely low (ie, providing an overestimate of screening efficacy).
there was considerable specificity of the associations observed in this study: receipt of screening sigmoidoscopy was associated with a reduction in mortality only from cancers that arose in the rectum and distal colon, whereas screening colonoscopy was associated with a reduction in mortality from cancers throughout the colon and rectum. therefore, it seems likely that the results are an indication of genuine efficacy, even if the potential sources of bias interfere with our ability to quantify that efficacy very well.
the introduction of large-scale government-sponsored mammography screening programs in a number of european countries has led to the existence of screened and unscreened cohorts of women whose mortality from breast cancer can be ascertained. Breast cancer mortality among initially breast cancer-free women (according to registry records), who accepted the invitation has been compared with that among women who did not. 2 certainly, there is the possibility for confounding in these studies. the underlying risk of death from breast cancer may differ between women who do and do not accept an invitation to undergo screening, due to a difference in the prevalence of risk factors for breast cancer incidence and/or to the presence of signs or symptoms that may enhance participation in the program. However, several estimates of the collective magnitude of confounding from these sources are available, through a comparison of breast cancer mortality of invited non-participants and women who had not been invited. 3 the increased mortality among women who declined an invitation-some 30%-40% above that in those who were not invited-argues that women who accept an invitation for screening mammography may well be at somewhat lower risk relative to women who decline screening. methods for obtaining estimates of screening efficacy that account for this bias have been developed. 3 the problem of confounding in cohort studies of the efficacy of screening in reducing cancer mortality is a generic one, and not confined to screening mammography. Would the estimates of the magnitude of confounding derived from the experience obtained in population-wide breast cancer screening programs in europe generalize more broadly, perhaps to other screening modalities evaluated in other parts of the world, and to settings in which a government-sponsored program has not issued invitations? I suspect the answer to that question is "no": the balance of the different factors that bear on the receipt of a given form of cancer screening is likely to differ widely by type of test, geographic location, and type of health care system.
INCIDENCE STUDIES
By identifying treatable precursor lesions to cancer (eg, cervical intraepithelial neoplasia, colon polyps), some tests (eg, cervical cytology, colonoscopy) have the potential to decrease cancer incidence. In assessing the degree to which that potential is fulfilled, the future incidence of the cancer in question in screened persons must be compared with that expected on the basis of the incidence in persons who have not been screened. malignancies found at the time of an initial screen cannot be considered; that initial screen did not have the potential to prevent these invasive lesions. But the determination of the rate of cancer in screen-negative persons cannot begin immediately following their negative test result. the incidence of cancer in these persons will be relatively low for a period of time, due to the removal from the cohort of prevalent cases of cancer. no corresponding "removal" of prevalent cases can be done in unscreened persons. as a result of this form of "healthy screenee bias," 4 even if the identification of precursor lesions does not lead to treatment that can prevent cancer, if follow-up were to begin immediately following receipt of a negative screening exam the ratio of observed to expected cases would be less than one.
minimizing healthy screenee bias requires delaying the accrual of cancer cases and person-time in the screened group until prevalent cases in unscreened persons would become clinically evident, ie, until the remaining duration of the occult invasive phase of the cancer has elapsed. Possibly with this in mind, the accrual of cancer cases and person-time in the nurses' Health Study and Health Professionals Follow-up Study 1 was based on information on receipt of screening that had been obtained at least 2 years in the past. of course, the duration of the occult invasive phase of a malignancy varies from tumor to tumor, and cannot be known in any specific instance. nonetheless, the duration of the occult invasive phase may be short relative to that of the pre-invasive detectable phase of the tumor, the period of time during which screening has the potential to lead to a decreased incidence of cancer. (Such a difference in these durations likely is present for cervical cancer-the average duration of cervical precancerous lesions considerably exceeds the duration of occult invasive cancer, 5 and also for colorectal cancer, as polyps typically are present for much longer than occult cancer.) 6 In such instances, errors in estimating the duration of the occult invasive phase of the cancer would not detract to any great extent from the validity of the estimate of the ability of screening to give rise to decreased cancer incidence.
In a cohort study with very long-term follow-up, a cancer may be diagnosed toward the end of the study whose preinvasive state emerged only after the performance of a negative screening test near the beginning of follow-up. Because of when it was performed that test did not have the ability to lead to treatment to prevent the occurrence of this particular malignancy. the analysis of studies in which the duration of followup of cohort members exceeds the estimated duration of the tumor's pre-invasive detectable phase needs to accommodate this scenario, by re-categorizing person-time from "screened" to "unscreened" once a certain number of years following the last screen has elapsed. consideration of the respective durations of the preinvasive detectable phase and occult invasive phase of a malignancy in assessing the impact of screening on cancer incidence is not unique to cohort studies. In case-control studies, screening histories of persons with incident invasive cancer and controls are compared for the period beginning at the time before diagnosis that corresponds to the combined duration of the two phases and ending x months before diagnosis, where x equals the estimated duration of the occult invasive phase. 7 the potential source of bias in cohort studies of the efficacy of screening against mortality from cancer-arising in most such studies from there being the possibility of symptoms or signs of the cancer only in unscreened personswould not be expected to be present to any appreciable degree in cohort studies of screening against cancer incidence. the pre-invasive lesions being sought in such screening (eg, cervical intraepithelial neoplasia or colon polyps) in most instances produce no symptoms or signs. 5, 6 of course, there can be differences between screened and unscreened persons with regard to characteristics that predispose to the occurrence of the cancer in question (eg, genetic characteristics that have led to a positive family history). to the extent possible given the data available, confounding from these sources should be controlled.
In the report from the nurses' Health Study/Health Professionals Follow-up Study on screening endoscopy, 1 the observations pertaining to the incidence of colorectal cancer were stratified according to test result: negative exam, versus polyp(s) identified and removed. Such an analytic approach addresses the ability of a negative exam (or a positive one with polyp removal) to predict the subsequent risk of colorectal cancer, relative to the risk in unscreened persons. But to assess the magnitude of the impact of screening endoscopy in preventing cancer, it is necessary to compare the incidence in unscreened persons to all of those who were screened, irrespective of the test results.
CONCLUSION
there is considerable opportunity for bias in a cohort study of cancer screening efficacy. awareness of the most important potential sources of bias can help in deciding whether to embark on such a study in a particular setting, and in the structuring of the comparisons to be made between screened and unscreened persons.
